Abstract Randomised controlled trials (RCTs) of cervical disc arthroplasty vs fusion generally show slightly more favourable results for arthroplasty. However, RCTs in surgery often have limited external validity, since they involve a select group of patients who fit very rigid admission criteria and who are prepared to subject themselves to randomisation. The aim of this study was to examine whether the findings of RCTs are verified by observational data recorded in our Spine Center in association with the Spine Society of Europe Spine Tango surgical registry. Patients undergoing fusion/stabilisation or disc arthroplasty for degenerative cervical spinal disease were selected for inclusion. They completed a questionnaire pre-operatively and at 12 and 24 months follow-up (FU). The questionnaire comprised the multidimensional Core Outcome Measures Index (COMI; 0-10 scale) and, at FU, questions on global outcome and satisfaction with treatment (5-point scales, dichotomised to ''good'' and ''poor''), re-operation and patient-rated complications. The surgeon completed a Spine Tango Surgery form. The outcome data from 266 (208 fusion, 58 arthroplasty) out of 284 eligible patients who had reached 12 months FU, and 169 (139 fusion, 30 arthroplasty) out of 178 who had reached 24 months FU, were included. Patients with cervical disc arthroplasty were younger [46 (SD 8) years vs 56 (SD 11) years for fusion; P \ 0.05], had less comorbidity (P \ 0.05), more often had only mono-segmental pathology (69% arthroplasty, 47% fusion) and only one type of degenerative pathology (69% arthroplasty, 46% fusion). Surgical complication rates were similar in each group (arthroplasty, 1.5%; fusion, 2.6%). The reduction in the COMI score was significantly greater in the arthroplasty group (at 12 months, 4.8 (SD 3.0) vs 3.7 (SD 2.9) points for fusion, and at 24 months 5.1 (SD 2.8) vs 3.8 (SD 2.9) points; each P \ 0.05). In the arthroplasty group, a ''good'' global outcome was recorded in 90% patients (at 12 months) and 93% (at 24 months); in the fusion group the figures were 80 and 82%, respectively (group differences at each timepoint, P [ 0.09). Satisfaction with treatment was similar in both groups (89-93%), at each timepoint. In multiple regression analysis, treatment group was of borderline significance as a unique predictor of the change in COMI at FU (P = 0.059 at 12 months, P = 0.055 at 24 months) in a model in which known confounders (age, comorbidity, number of affected levels) were controlled for. Being in the arthroplasty group was associated with an approximately 1-point greater reduction in the COMI score at FU. The results of this observational study appear to support those of the RCTs and suggest that, in patients with degenerative pathology of the cervical spine, disc arthroplasty is associated with a slightly better outcome than fusion. However, given the small size of the difference, its clinical relevance is questionable, especially in view of the a priori more favourable outcome expected in the arthroplasty group due to the more rigorous selection of patients.
Introduction
Motion-preserving techniques for the treatment of painful degenerative conditions of the spine were originally developed to overcome the (potential) negative aspects of fusion such as pseudarthrosis, accelerated adjacent segment degeneration and morbidity associated with the bone graft harvest [14] . In view of the evidence suggesting an increased range of motion and disc pressure [16, 20] in the segment adjacent to the fused one, the replacement of the degenerate disc with a disc prosthesis, to avoid immobilisation of the spinal segment, seemed to be a logical concept. In the lumbar spine, disc replacement has been in existence for more than 25 years [48] , but the implant never achieved the popularity that was initially anticipated. There are various possible reasons for this, one of which concerns the techniques and risks of the anterior approach to the lumbar spine, an unfamiliar approach for many spine surgeons. This would also partially explain the success of disc replacement in the cervical spine [48] , where the approach is accompanied by fewer anatomical obstacles and presents a familiar anatomy to all spine surgeons.
Disc replacement in the cervical spine is currently performed on a regular basis in clinical practice, despite the fact that high-level randomised controlled trials (RCTs) examining the efficacy and safety of the new procedure have only recently been published and have a maximum follow-up (FU) of just 2 years. In fact, just four separate research groups have carried out sizeable RCTs of cervical disc arthroplasty vs fusion, although their results have been presented in multiple publications addressing different subtopics within the same trials or by individual groups of authors participating in the multicentre studies [3, 25, 29, 37, 38, [44] [45] [46] . Collectively, these and one other small RCT [42] have shown statistically superior or comparable results for arthroplasty in relation to patient-rated outcomes such as the Neck Disability Index (NDI), neck and arm pain and quality of life (SF36). The maintenance of segmental mobility with disc arthroplasty, expected to contribute to a reduced development of adjacent level change, has also been documented in three trials [29, 38, 44] . Although these studies possess the acknowledged scientific rigour of RCTs, they are not without their limitations. Firstly, in trials of this type, it is not usually considered practical to blind the patients or surgeons to the type of surgery performed. This opens up an obvious potential for bias. Any evaluation of an innovation may include both bias and the true efficacy of the new therapy; randomised controlled trials that do not use a double-blind design have a significantly higher likelihood of showing a gain for the innovation than do double-blind trials [12] . A further problem, expounded by one of the cervical disc prosthesis trial groups [3, 25] , was that many patients that were originally randomly assigned to a given treatment (37 arthroplasty and 80 fusion) later withdrew their participation in the study before undergoing treatment. One of the main reasons for this, especially in the fusion group, was dissatisfaction with the group to which they had been randomised. This series of post-randomisation drop-outs contributes to a disparity between the groups, and represents another potential source of bias.
RCTs in the field of surgery are renowned for their tendency to have limited external validity, often involving only a select group of patients who fit very rigid (and sometimes relatively ''atypical'') eligibility criteria and who are prepared to subject themselves to randomisation [1, 2, 26, 27] . In addition, in such trials, ''expectations bias'' is sometimes suspected to contribute to the more favourable patient-orientated results in the novel treatment group. This is illustrated by the finding that patient satisfaction sometimes shows significant differences in favour of the new treatment that are not always reflected in the prospectively measured outcome variables such as pain and disability [9] . And, finally, single trials are usually underpowered to address adequately the absolute and relative risks of adverse events, especially uncommon ones [40] . These factors, together with the complexity of the design of randomised trials within the clinical setting [27] , indicate that the results of RCTs need further confirmation by carefully conducted observational studies in daily clinical practice.
The aim of this study was to examine whether the findings of the RCTs conducted to date to compare the clinical outcome after cervical spine arthroplasty and fusion/stabilisation are verified by observational data recorded in our Spine Center's spine surgical registry.
Methods

Patients
Inclusion criteria
The study was carried out within the framework of the Spine Society of Europe Spine Tango (Spine Surgery Registry) data acquisition system. It included the data of all patients undergoing surgery by one of six experienced spine surgeons (four orthopaedic and two neurosurgeons) in the Spine Center of our specialised orthopaedic hospital (between February 2004 and April 2009). Patients had to be fluent in either German or English, and satisfy the surgical inclusion criteria. The latter were based on the data documented on the registry's ''SSE Surgery Form'' as follows: surgery at the mid-lower region of the cervical spine, degenerative disease as the main pathology, maximum three motion segments affected. The fusion/rigid stabilisation group included all patients who had undergone anterior interbody fusion between adjacent vertebrae using an anterior approach and/or interbody stabilisation with cage (anterior approach); the disc arthroplasty group comprised those receiving only motion-preserving stabilisation (any make of device).
Exclusion criteria
Patients who had undergone both fusion/stabilisation and disc arthroplasty (at different levels) were excluded from the analysis.
Patient-orientated questionnaires
Before and 12 and 24 months after surgery, patients were requested to complete the multidimensional Core Outcome Measures Index (COMI) questionnaire [32] . On each occasion, the questionnaires were sent to the patients to complete at home, to ensure that the information given was free of care-provider influence. The COMI is a multidimensional index consisting of validated questions covering the domains of pain (neck and arm pain intensity, each measured separately on a 0-10 graphic rating scale), function, symptom-specific well-being, general quality of life, and social and work disability. The COMI was originally developed based on the recommendations for a short series of Core Outcome questions by an expert group in the field of spine outcome measurement [15] and subsequently validated as an outcome instrument by three research groups [17, 31, 32, 49] . In addition to the COMI questions, at the 12-month and 24-month FUs, there were further questions with 5-point Likert scales inquiring about satisfaction (''over the course of treatment for your neck problem how satisfied were you with the medical care in our hospital?''; response categories from ''very satisfied'' to ''very dissatisfied'') and the global outcome of surgery (''overall, how much did the operation help your neck problem?''; response categories from ''helped a lot'' to ''made things worse''). The questionnaire also contained questions as to whether the patient had been re-operated on since the index operation and on the occurrence and nature of any complications that were experienced as a result of the surgery (e.g. problems with wound healing, paralysis, sensory disturbances, etc.) (see [23] for further details).
Surgical documentation forms SSE Spine Tango Surgery forms were used to document information regarding the medical history [main pathology, with further indication of the specific type of pathology(ies)], number of affected levels, previous surgery, operation duration (ten categories, from \1 h to [10 h), blood loss (five categories: none, \500, 500-1,000, 1,000-2,000, [2,000 ml), comorbidity [assessed with the American Society of Anesthesiologists Physical Status Score (ASA Score), from 1 (no disturbance) to 5 (moribund)], surgical details, surgical complications and general complications.
Statistical analyses
Power calculations (MedCalc Statistical Software, Mariakerke, Belgium) revealed that, with a minimum of 31 patients in each group, the probability was 80% (with 42 patients, 90%) and that the study would detect a treatment difference at a two-sided 5.0% significance level, if the true difference between the groups was at least two points for the primary outcome measure, the reduction in the Core Outcome Measures Index (COMI) score (where two to three points are considered as the minimal clinically important difference for the COMI) [32, 34] . This was based on the assumption that the standard deviation of the response variable, i.e. the reduction in COMI from preoperative to 12 months post-operative, was 2.8 points.
Descriptive data are presented as mean ± standard deviations (SD).
The significance of the difference between the fusion and disc arthroplasty groups for continuous, normally distributed data was analysed using unpaired Student's t-tests or repeated measures analysis of variance (for pre/post measures). Chi-square contingency analyses were used to analyse the association between surgical group and categorical variables. The global outcome was dichotomised into ''good'' (=operation helped or helped a lot) and ''poor'' (=operation only helped a little, did not help, made things worse) for the purposes of some of the subsequent analyses [33] . Multivariable linear regression analysis (with simultaneous entry of relevant variables) was used to predict the change in COMI score at FU. Age, comorbidity, number of levels affected and the baseline COMI score were entered as control variables (since they were identified as potential confounders) and treatment group (fusion 0 vs arthroplasty 1) as the independent variable of interest.
Statistical significance was accepted at the P \ 0.05 level.
Results
Final study groups
In the years 2005 1 to 2008, the overall compliance rate for all surgeons' completion of SSE Surgical Forms in our Spine Center was 85%.
Three hundred and forty-two patients in the database satisfied the surgical admission criteria: 269 fusion/stabilisation and 73 disc arthroplasty. For the patients in the fusion/stabilisation group, 91% received autologous bone only, 1% allogenic bone, 1% both autogenic and allogenic, 1% both autogenic and bone substitute and 6% other/no fusion material. 231/269 (86%) received some sort of anterior stabilisation: 21% an interbody cage [mostly either a Harms titanium cage (dePuy) or PEEK (Medtronic) cage], 66% plates, and 13% both a cage and plates. In the disc arthroplasty group, 70% prostheses used were Prestige II (Medronic Sofamor Danek), 22% were Discover (dePuy), 5% Bryan Cervical Disc (Medtronic Sofamor Danek) and 3% Prodisc-C (SynthesSpine). The baseline data for each treatment group are shown in Table 1 . Gender distribution did not differ significantly between the groups, but the disc arthroplasty group was significantly younger than the fusion group by approximately 10 years; they also more frequently had mono-segmental pathology (69% cases) than did the fusion patients (47% cases) and only one type of degenerative pathology (69% in the arthroplasty group, compared with 46% in the fusion group) ( Table 1) . Comorbidity was significantly less in the arthroplasty group than in the fusion group (Table 1) . The baseline status, as assessed with the multidimensional COMI, was not significantly different between the groups.
Operation details
Operation duration was significantly shorter in the arthroplasty group, with 73% operations lasting less than 2 h compared with only 39% lasting less than 2 h in the fusion group ( Table 2) . The perioperative complication rates were not significantly different between the groups (general complications: arthroplasty, 0.0%; fusion, 2.2%; surgical complications: arthroplasty, 1.4%; fusion, 2.2%).
Patient-rated outcomes
At the time of the current evaluation, FU data were available from 266 (208 fusion, 58 arthroplasty) of the 284 patients who had reached 12 months (94% FU rate) and from 169 (139 fusion, 30 arthroplasty) of the 178 patients who had reached 24 months post-operative (95% FU rate). Figure 1 shows the change in the individual COMI domain scores and the COMI composite scores, at baseline and at 12 months FU, for each treatment group. A significant improvement (P \ 0.05) in scores was recorded for both groups, from baseline to 12 months post-operative. There was no significant difference between the groups in the extent of the reduction in neck pain, arm pain, or ''worst'' pain (arm or neck) (P [ 0.05); however, the improvement in scores for function, symptom-specific well-being, general quality of life, and work and social disability was significantly greater in the arthroplasty group (P \ 0.05). At 12 months post-surgery, the reduction from baseline values in the COMI composite score was 1.1 points greater in the arthroplasty group than in the fusion group (reduction in COMI scores: arthroplasty, 4.8 (SD 3.0) points versus fusion, 3.7 (SD 2.9) points) ( Table 3 ). The difference was statistically significant (P = 0.007) but less than the defined minimal clinically important difference of two points (see statistics section). A ''good'' global outcome was recorded in 90% patients in the arthroplasty group and 80% in the fusion group, with the difference just failing to reach significance (P = 0.09). Satisfaction with treatment was similar in both groups (arthroplasty 90%; fusion 89%, respectively; n.s.).
The results at 24 months FU generally mirrored those after 12 months (Table 3) , with a statistically significant 1.3-point difference between the groups, favouring arthroplasty, in the reduction in COMI composite score from baseline values. There was again a tendency for better global outcome ratings in the disc arthroplasty group (93% good outcome) compared with the fusion group (82% good outcome) (P = 0.17); satisfaction was similarly high in both groups (90-93% satisfied; no significant group difference).
Additional analyses were carried out to examine whether outcome was influenced by various characteristics that differed significantly between the two groups at baseline, and that might act as confounders and need to be controlled for in multivariable analyses. For this, the data at 12-months FU were used, since more cases were available and the results did not change substantially between 12 and 24 months.
Gender, number of degenerative pathologies, and previous surgery at the same level had no significant influence on outcome (Table 4 ; similar results when analysed on a treatment group basis). An increasing number of affected segments (P = 0.014) and comorbidity status (P = 0.042) were each associated with worse outcome, and there was a tendency for age to play a role (better outcome in younger patients, P = 0.09; Table 4 ), especially in the arthroplasty group (separate group details not shown). Since the latter three baseline variables also showed significant differences between the treatment groups (Table 1) , they were controlled for in the multivariable analyses when examining the unique influence of treatment group on outcome.
The multivariable model explained 23% variance in the change in COMI score from pre-operative to 12 months FU, with treatment group representing a unique predictor with borderline significance (P = 0.059); other important predictors were the baseline COMI score (P = 0.0001), comorbidity score (P = 0.042) and number of affected segments (P = 0.075) ( Table 5 ). The regression coefficient for the variable ''treatment group'' (0.801) indicated that, compared with the fusion group, the arthroplasty group showed an approximately 0.8-point greater reduction in COMI score after 12 months, when the other potential confounders were controlled for. Fig. 1 Scores for each of the COMI domains, and the COMI composite score, before and 12 months after surgery in the arthroplasty and fusion groups. 0 denotes best score, 10 denotes worst score. The score reductions in all domains, except the pain domains, were significantly greater in the arthroplasty than the fusion group (P \ 0.05). See text for further details Similar findings were observed using the reduction in COMI score at 24 months as the dependent (outcome) variable, with the unique contribution of the variable ''treatment group'' again being of borderline statistical significance in the model (P = 0.055; adjusted R 2 for the whole model, 22.3%). The regression coefficient for ''treatment group'' was similar to that for the 12-month data-an approximately 1.2-point greater reduction in COMI score after 24 months in the arthroplasty than the fusion group, after controlling for confounders (detailed data not shown).
Patient-rated complications and re-operation rates At 12-months FU, 26.1% patients in the fusion group and 19.0% in the arthroplasty group (P = 0.27) reported in their questionnaire that complications had arisen as a consequence of the index operation (most commonly sensory disturbances, general neurological, continued/new pain, problems with wound healing); at 24 months, the figures were 23 and 7% (P = 0.045), respectively. At 12-months FU, the proportions of patients reporting re-operation at the same or at a different segment of the spine were, respectively, 2.4 and 2.4% for the fusion group and 1.7 and 1.7% for the arthroplasty group; at 24 months FU, the figures were, respectively, 3.6 and 5.1% for the fusion group and 0 and 3.3% for the arthroplasty group.
Discussion
Randomised controlled trials are considered to represent the pinnacle in the hierarchy of evidence, when evaluating the efficacy of therapeutic interventions [43] . However, for many medical questions of interest, a large amount of evidence is often accumulated through non-randomised studies, and these can be used to help in the interpretation of the randomised results [28] . There is substantial debate in the literature as to whether non-randomised studies deliver comparable results to those of randomised controlled trials on the same topic [28] ; earlier reviews suggested that non-randomised studies may spuriously overestimate treatment benefits [12, 35] , whilst more recent investigations maintain that for selected topics they generally deliver comparable results to RCTs [6, 13] , especially for prospective studies [28] . When assessing trials in orthopaedic surgery-an area that does not lend itself readily to the trialling of its treatment methods-this issue is of considerable relevance.
The overall results of this observational study appear to support those of the RCTs on the same theme [25, 29, 37, 38, 45, 46] and suggest that, for degenerative pathology of the cervical spine, disc arthroplasty is associated with at least equivalent, and sometimes slightly better, patientrated outcomes than fusion, up to 2 years after surgery. As far as superiority is concerned, interpretation of the results-both ours and those of the previous RCTsdemands that attention is paid to the clinical relevance, and not just statistical significance, of the group differences observed. The minimum clinically important difference for the primary outcome used in most of the RCTs, the NDI (0-100 scale), is 15-19 points [5, 11] , yet in most of the trials the group difference for the improvement in NDI score after 2 years was just a fraction of this, between two and seven points [25, 45, 46] . Similarly, differences between the groups in the improvement of arm and neck pain scores of just 6-15 points (on the 0-100-point scale) were recorded after 2 years [45, 46] , yet the minimum clinically important difference for such scales is reported to be 13-20 points [11, 24, 39] . In our own study, the adjusted group difference in the reduction in COMI score after either 12 months or 24 months was approximately one point (on the 0-10 scale), again failing to reach the minimal clinically important difference of approximately two 
P values in bold are significant P \ 0.05, in italics are borderline significant, P \ 0.10 a The greater the reduction in COMI score, the better the outcome points [32, 34] . Hence, the most appropriate conclusion from all these studies is that the two procedures are comparable in terms of their mid-term patient-rated outcomes. This must also be viewed in the face of the a priori more favourable outcome expected in the typical arthroplasty patient due to the more rigorous selection criteria for this treatment (younger patients, with less comorbidity, less extensive degenerative changes, fewer segments affected, etc.).
The differing results for the constructs ''global treatment outcome/effectiveness'' (which was borderline statistically significant) and ''satisfaction with care'' (not significant) emphasise the importance of differentiating between these two closely related, but distinct entities. Satisfaction tends to focus more on the provision of care or treatment delivery-which is strongly influenced by factors such as the patient-provider relationship and may include an expression of appreciation for the surgeon ''having done his best''-than on the effect of treatment, which instead focuses on therapeutic improvement (symptom or functional), in terms of how much the surgery helped the back problem [21, 33] . Since, in the present study, the surgeons and the infrastructure were identical for both groups, similar results for ''satisfaction'' were perhaps expected. These subtle differences should be borne in mind when interpreting the outcome results of different studies, especially when satisfaction is used to indicate ''effectiveness'' in the assessment of new innovations in unblinded trials [9] . Our measure of global treatment outcome is likely comparable to the ''overall success'' ratings used in the previous RCTs, in which similar group differences (approximately 10% more arthroplasty patients with a ''good/successful'' outcome [25, 37] ) were reported: in the present study, 90% arthroplasty vs 80% fusion patients had a good outcome at 12 months, and 93 vs 82%, respectively, at 24 months.
Segmental fusion as the treatment for painful degenerative cervical spine disorders has been the ''gold standard'' for years. Consistently, good results have been reported with this approach, even in the long-term [10] , and, compared with the general surgical outcomes of degenerative conditions of the lumbar spine, it is associated with low complication rates [3, 7, 10, 45] . Hence, the threshold for advancement with the introduction of a new implant was relatively high, and improvement on the already excellent clinical results a challenge. As always in these situations, it is crucial to discuss how the parameters of ''outcome'' should be defined. As opposed to focusing on segmental motion, the degree of fusion, and the size of osteophyteseach of which is subject to considerable discussion regarding its optimal method of measurement-in the present study we concentrated exclusively on the subjective outcome ratings of the patients. This was done because the ultimate goal of our surgical practice should be good patient-rated outcomes as opposed to just technical success. Whether technical improvements brought about by motion preservation using the disc prosthesis will translate into better patient-outcomes in the long-term and whether these will be tempered by any (as yet poorly investigated) factors such as the build up of wear debris, fatigue failure, the influence on facet joint biomechanics, heterotopic ossification, the need and options for revision, the influence of subsequent osteoporotic changes, etc. will require considerably longer FU investigations. Currently, the incidence of these potential late complications is not known [14] ; there are only limited in vitro data on wear properties of the cervical disc prosthesis [4] and the longest clinical FU for a sizeable group of patients is just 4-6 years, with the data currently published in abstract form only [22] . The influence of the specific design of prosthesis should also be further investigated; in the present study, all types of prostheses were examined as one group and compared with all techniques of fusion-a possible limitation from the scientific methodology point of view, but a pragmatic approach that ideally reflected the everyday practice of a large Spine Center. Our data on patient self-assessed re-operation rates and complications after surgery-a relatively new concept in the field of outcomes research, and one that reveals some startling results [23] -suggested slightly more favourable results in the arthroplasty group, especially by 2 years FU; however, the group sizes were too small for meaningful statistical analyses of the data. Again, observational studies, using the data collected in large-scale registries such as the European Spine Tango, are well disposed to address some of these issues and to complement the findings of the RCTs. As already mentioned, single trials are usually underpowered to adequately address the risks of adverse events, especially uncommon ones [40] .
RCTs are considered to be the most scientifically rigorous way of examining the efficacy of a new implant or technique. Using such a study design, it is assumed that confounders and bias are excluded in an appropriate fashion and that the results best approach ''the truth''. This might be true for the testing of new drugs (where the design of RCTs originated), but it is questionable in the surgical field and perhaps explains why some randomised prospective trials in spine surgery have delivered such contradictory results. For example, the introduction of intradiscal electrothermal therapy (IDET) treatment was launched with a RCT [41] that indicated the positive effect of the procedure. However, a few years later, another RCT [18, 19] compared the new procedure with placebo treatment and found absolutely no clinically relevant benefit of IDET compared with the control. This situation might indicate that RCTs are not able to circumvent all the potential co-factors that might influence a clinical result, or that sample sizes are not always adequate to achieve sufficient statistical power, or that, in the interpretation of the results, clinically relevant differences are not distinguished from statistically significant (but irrelevant) differences. Interestingly, a recent meta-analysis suggested that, even within randomised trials, the ones with greater methodological rigour showed no benefit while the ones with potential flaws had spuriously overestimated the benefit of treatment [47] .
Randomised controlled trials often involve only a limited selection of the typical patient population suffering from the condition, and hence have limited external validity, i.e. the results cannot always be assumed to apply to the ''patient at large'' [8, 30] . Further, if surgeons are required to implement the ''old'' technique and are not allowed to use the ''new'' procedure, solely for the purposes of a randomised trial, then factors concerned with experience and expectations may influence the overall outcomes. On the patients' part, the same mechanism of expectation (having the ''bad luck'' to be treated with the ''old'' technique) might influence his or her rating of the global outcome and satisfaction with treatment.
In summary, although the study design used in the present investigation cannot boast the ''scientific rigour'' of a randomised controlled trial and does not represent the highest in the hierarchy of evidence, it included every single eligible patient being operated in our Spine Center, reflecting the everyday clinical reality much more accurately than an ''artificial'' set-up within a RCT. In observational studies, it is never possible to identify and account for all potential confounders; however, those that were identified were dealt with accordingly in the multivariable statistical analysis [36] . Matched-pair analyses of the same data (an alternative, though not necessarily superior method [36] ) revealed similar findings to those presented here (data not shown), giving credence to the statistical methods used to control for the effect of confounders. The similarity of the results obtained to those of the published RCTs on cervical disc prostheses suggests that RCTs may not be the only method to evaluate new technologies in spine surgery. We suggest that it is inappropriate to (indiscriminately) discredit observational studies as a relevant source of evidence in spine surgery.
